OBJECTIVE: The aim of the present study is to describe the evolution of the obesity epidemic in Sweden, with speci®c attention to the socioeconomic gradient. DESIGN: Data from the Swedish Surveys of Living Conditions were used. Three such surveys were undertaken in 1980a81, 1988a89, and 1996a97, each of which was based on a simple random sample from the national population registry. SUBJECTS: A total of 38,284 observations are used in this analysis, including males and females aged 16 ± 84. The sample is approximately equally divided among the 3 survey periods and by gender. MEASUREMENTS: The following body weight categories are used to describe changing prevalences: overweight (BMI ! 25), obesity (BMI ! 30) and underweight (BMI`18.5). Because body weight and heights were self-reported, recorded values were adjusted for estimating gender-speci®c obesity prevalences. Education was used as a proxy for socioeconomic status. RESULTS AND CONCLUSIONS: The prevalence of BMI ! 30 increased signi®cantly over the 16-year observation period. At the time of the 1980a81 survey, the adjusted estimates were 8.8% in women and 6.6% in men, compared to 11.9% and 10.0% respectively, in 1996a97. The prevalence of BMI ! 25 was also analyzed for time trends, with speci®c attention to populations at risk. The largest proportionate changes occurred in women aged 16 ± 44, among whom the prevalence of overweight doubled. The inverse educational gradient with respect to obesity is still present in both sexes, but there is no indication that it has increased in magnitude between 1980a81 ± 1996a97.
Introduction
As recently as the 1980s, obesity was less common in Sweden than in many other parts of the industrialized world. 1 While most countries are now experiencing dramatic increases in prevalence, 1 several recent Swedish surveys have reported modest changes at the population level 2 ± 4 or virtually no changes in speci®c groups, eg older and middle-aged women. 3, 5 In contrast, newly published data from the Swedish Military Conscription Registry has indicated an alarming tripling of obesity prevalence among 18-year-old male military recruits between 1971 and 1995: mean body weights increased by 4.7 kg while heights increased by only 0.5 cm. 6 The primary purpose of the present study is to report on secular changes in prevalences of underweight, overweight and obesity in male and female populations of Swedes aged 16 ± 84, based on three nationally representative surveys conducted between 1980 ± 1997. Special attention will be paid to selected sociodemographic and lifestyle factors thought to play a role in the evolution of the obesity epidemic in Sweden.
Material and methods
Populations surveyed by ULF ULF, the Survey of Living Conditions, 7 has been conducted annually since 1975 by the Central Bureau of Statistics (Statistics Sweden) in order to document secular trends at the national level. The surveys have been designed to encompass different aspects of living conditions, eg social relations, work, health and physical environment. The present study is based on data collected in three ULF examinations, in 1980a81, 1988a89, and 1996a97. For each survey, random samples of permanent residents aged 16 ± 84 were drawn from the Swedish Population Registry.
Information was obtained by means of standardized face-to-face or telephone interviews. Face-to-face interviews were conducted in the respondents' homes, with follow-up of non-participants by telephone interview. The average length of each interview was approximately one hour. Proxy interviews by third parties (approximately 1 ± 2% of total) were conducted only in unusual cases. Total non-participa-tion rates in the 3 surveys described here were 13.6% in 1980a81, 20.6% in 1988a89 and 21.8% in 1996a97.
Variables from ULF used in analysis
Body weights and heights were reported by respondents. Based on this information, body mass index (BMI weight [kg]aheight [m 2 ]) was calculated for each individual. 443 individuals with missing BMI values were excluded. Based on recently published WHO guidelines, the following body weight categories were applied to adults, regardless of age and sex: underweight (BMI`18.5), overweight (BMI ! 25) and obesity (BMI ! 30). According to these guidelines, individuals who are overweight but non-obese (25 BMI`30) are de®ned as`pre-obese'. In addition to these weight categories, four age groups were used (16 ± 24, 25 ± 44, 45 ± 64 and 65 ± 84), based on which age-strati®ed prevalences of overweight were calculated. All results are presented separately for men and women.
Socioeconomic status (SES) was de®ned as the level of attained education. Respondents were classi®ed into one of three groups: primary school level, 9 years of education; completed ! 2 years of high school, 10 ± 11 years of education, and completed 3 years of high school or university studies, b 11 years of education. For the youngest participants (aged 16 ± 24), many of whom have not completed their education, SES of origin was alternatively examined, based on fathers' occupational categories.
Smoking and physical activity were also considered as background factors, due to potential relevance to the increasing prevalence of obesity. Tobacco consumption was summarized by classifying subjects as former smokers, never smokers, current light smokers (`10 g tobaccoad), and current heavy smokers ( ! 10 g tobaccoad), where one cigarette is approximately 1 g of tobacco. Exercise habits included 2 categories: none to occasional light exercise, versus regular exercise at least once a week.
Statistical methods
Prevalences of obesity and overweight were calculated at the different periods of time. To test for trends, obesity and overweight were modeled as a function of time (logistic model). Time trends were also adjusted by controlling for the covariates age, smoking and physical activity. These models included subjects aged 16 ± 74 only, since those aged 75 ± 84 were not asked about physical activity. Multivariate and crude models were compared by applying the likelihood ratio test, calculating the difference between the two models in the À2 log likelihood statistics.
The socioeconomic gradient for overweight was described with age-and sex-adjusted models (men, women, and total) by calculating the odds ratio for overweight in the lowest education group vs the highest education group (reference group) at each examination and including the interaction between education and time in the models. Whether the gap between low and high education had changed over time was tested by comparing a main effect model ([sex] , age, time, and education) and a model also including the interaction between time and education (likelihood ratio test). If the interaction was signi®-cant, there was a change over time, the direction of which is determined from the sign of the estimated coef®cients.
Because the body weight and height data were selfreported, BMI values were adjusted according to the following sex-speci®c calibration equations developed in a Swedish population: 8 2 , respectively. Because age is not considered in these equations, they are only appropriate for the estimation of prevalence in the age-combined samples. Thus, aside from the overall prevalence estimates, reported weights and heights are used in the remaining analyses presented here.
Results

Prevalence of obesity (BMI ! 30)
In all age groups combined (16 ± 84 y), the prevalence of obesity increased signi®cantly over the 16-year observation period in men and in women (P 0.0001, for each). At the time of the last survey in 1996a97, the observed prevalences were 6.8% in men and 7.2% in women, values which are likely to be underestimates. In contrast, using adjusted values, 10.0% of men and 11.9% of women were estimated to be obese in 1996a97. Figure 1 illustrates the secular trends in recorded and corrected prevalences of obesity for men and women of combined ages. Relative increases in BMI ! 30 (reported values) were 45% and 33% in men and women, respectively. Secular trends were also examined for overweight, which includes combined rates of`pre-obesity' plus obesity. The adjusted 1996a97 data suggested most recent prevalences of overweight to be 51.2% in men and 41.6% in women. Table 1 gives corresponding ®gures based on self-reported values, and documents signi®cantly increasing prevalences in most age groups. For all ages combined, the relative (proportionate) increase in overweight prevalence from 1980 ± 1997 was 29% in men and 22% in women.
In contrast to the obesity data described previously, the higher numbers of overweight individuals made it possible to examine trends within de®ned age ± gender strata, most of which indicated signi®cantly increasing prevalences. This analysis also revealed gender differences in age-speci®c trends. The largest proportionate changes occurred in 16 ± 24 and 25 ± 44 year old female groups, where prevalences approximately doubled. Of all groups studied, the smallest proportionate increases on overweight were seen among middle-aged and older women ( 8 and 9% increases, respectively). In men, the increases were larger in the younger groups than in the older groups, but the age speci®city was less dramatic than in women.
Prevalence of underweight (BMI`18.5)
Prevalence of underweight was also compared across the survey periods, using BMIs calculated from reported weights and heights. Only the youngest subjects aged 16 ± 24 y (n 5887) were included in this analysis, due to small numbers of older underweight individuals together with increasing likelihood of confounding by chronic disease. Again, a possible gender difference was observed in secular trends. Speci®cally, the prevalence of underweight in young men was fairly stable at the three interviews (3.9, 4.8 and 3.6% respectively). In young women, the corresponding prevalences were 11.1, 10.7 and 7.5%, respectively.
Multivariate analysis
The trends shown in obesity ( Figure 1 ) were also tested with a logistic model including age, smoking status and leisure activity. In men and women, the À2 log likelihood decreased signi®cantly in multivariate models compared to the crude models (P`0.0001, both sexes), indicating that smoking and leisure-time activity were also associated with obesity. For instance, male former smokers displayed excess risk of obesity, female smokers were at low risk of obesity, and sedentary individuals of both sexes were at increased risk, associations which are well-known.
Nevertheless, the observed time trends in obesity prevalence were similar across the different smoking and activity strata. Paradoxically, it may be noted that the proportion of individuals who were physically active at least once a week during their leisure time increased from 45% to 57% (P 0.001) during this period of increasing obesity, while the fraction of current smokers decreased from 33% to 22% (P 0.0001). In summary, despite covariate adjustment, the variable`time' maintained statistical signi®cance for the male and female groups, indicating that neither smoking and leisure activity changes could explain the secular increase in obesity.
Is the socioeconomic gap shifting?
Finally, we examined whether the magnitude of the secular increases in overweight differed among different socioeconomic groups, with the initial hypothesis that the socioeconomic gap may be widening. For male and female age groups (25 ± 44 y), the adjusted odds ratios describing overweight in educational groups`low' vs`high' may be interpreted as a two-to threefold risk of obesity in the less educated group compared to the more educated group in 1980a81. In contrast, the odds ratios from 1996a97 suggest that the group with least education had less than twice the risk of being overweight, relative to the more educated group. In other words, there was a trend (P`0.05, two-tailed) for the socioeconomic gap to be narrowing and not increasing in this age group. However, the socioeconomic gap was constant among 45 ± 64-year-olds, with a 70 ± 80% excess risk of Social mapping of obesity epidemic in Sweden L Lissner et al overweight in the less educated men and women at both points in rime. These results are given in Table 2 .
In the youngest group (16 ± 24 y), many of whom have not yet completed their education, an alternative indicator, the occupational group of the father, was used. This analysis demonstrated that the gap between children of manual laborers vs white-collar workers decreased slightly in both sex groups. Speci®cally, the 1980a81 prevalence of overweight was 10.2% in sons and daughters of manual workers compared to 5.3% in offspring of white-collar workers. The corresponding ®gures were 15.5% and 11.6% in 1996a97. Thus, the gradient according to socioeconomic status of origin was somewhat larger in 1980a81 (P 0.001) than in 1996a97 (P 0.05), but the secular shift in the size of this gap was not statistically signi®cant.
Discussion
Our results indicate signi®cant increases in the prevalence of overweight and obesity in the Swedish population since 1980a81, with larger changes occurring during the second half of the observation period (1988a89 ± 1996a97). During this latter period, participation rates were fairly constant, suggesting that non-response was unlikely to have biased this part of the observed trend. Moreover, assuming that nonparticipants in Sweden do not differ from participants in weight status, or that they are somewhat heavier, 9 a prevalence increase would contain conservative bias if any. Because the data are nationally representative they can be generalized to the Swedish population as a whole. Although internal validity is limited by use of self-reported weights and heights, the underestimation presented by self-reports is unlikely to have changed during the observation period, further suggesting validity of reported trends if not absolute prevalences. Adjustment of reported values using a calibration algorithm derived from a Swedish population-based sample gave adjusted obesity prevalence ®gures of around 10% for ages 16 ± 84, and circa 12% when including only ages 25 ± 64. This latter ®gure is in agreement with recent MONICA surveys in two regions of Sweden (unpublished data), but substantially lower than prevalences seen in many other European populations. It is emphasized that calibration equations cannot be used to correct for errors in reporting on an individual basis, 10 nor have we applied them to speci®c age groups. The purpose was to provide an improved estimate of overall prevalence in the Swedish population.
The question of which subsets of the population are at highest risk of becoming obese has broad public health and social implications. In this context, the following observations were made. First, the largest secular increases in obesity are seen in the younger cohorts of women, while the smallest relative increases are seen in the oldest cohorts of women. Thus, there is an age and gender component to the obesity epidemic. Furthermore, there was no evidence of a growing socioeconomic differential in the epidemic in Sweden, which is in agreement with two recent observations in Sweden, one in 18-year-old men and another in middle-aged women. 6, 11 In fact, we observed the opposite phenomenon in adults aged 25 ± 44, in which the gap appeared to have become narrower. It must be recognized that part of the apparent narrowing of the gap might be attributed to the use of ®xed cut-points on a study population that is experiencing some overall increases in education level. In the context of the present result, it is inter- Table 2 Prevalence of overweight by educational group, with adjusted odds ratios re¯ecting comparisons in the least vs most educated group. Data analyzed for all years simultaneously, adjusting for age, and sex when combined into total column. All odds ratios (both years, both sexes, and total) were signi®cant, indicating excess risk of overweight in group with low education. Signi®cant (*P`0.05) interaction was observed between time and education, in the prediction of overweight in younger (top table) men and in both sexes combined, indicating a decreasing association between education and overweight from 1980a81 ± 1996a97 Social mapping of obesity epidemic in Sweden L Lissner et al esting to note that Danish researchers some years ago 12 suggested that the IQ gap with respect to obesity in young military recruits was narrowing rather than widening.
On the basis of these new Swedish data we can conclude with certainty that the excess obesity among relatively disadvantaged populations remains. Whether the gap is stable or not is more dif®cult to establish. The unexpected observation that socioeconomic differentials in younger adults might be narrowing suggests the existence of changing lifestyles that override efforts to maintain weight by the relatively educated or otherwise advantaged social groups. One possible example involves smoking cessation, which occurred more in high socioeconomic than in low socioeconomic groups, perhaps contributing to a narrower body weight gradient. However, even if smoking might explain the socioeconomic trends, our multivariate analysis indicated that it could not explain the overall increases in prevalence.
The observation that the fraction of individuals who are physically active during their leisure time increased signi®cantly during this period was also unexpected and may well be a consequence of increasing general consciousness of obesity and health issues (as opposed to being a causal factor). Although`leisure time physical activity' as such is thus not a key explanatory variable in this epidemic, other aspects of physical activity are clearly changing. ULF surveys indicate, for instance, that while reported leisure time activity increased in this population, car ownership also increased from 72 to 81%. Moreover, during the second half of this survey (1988a89 ± 1996a97), the ownership of video players increased from 42 to 76%, while it can be assumed that the rate was close to zero in 1980a81. Finally, owning personal computers was unusual in the 1980s, but in 1996a97 38% of respondents had PCs. Thus, to better understand obesity-related trends, it will be useful to identify potentially causal factors that are not measured in traditional health surveys. It may be speculated that some aspects of sedentary physical activity, eg motorized transport and passive entertainment, could attenuate socioeconomic imbalances if they become redistributed in direct proportion to higher socioeconomic status.
